In California, the Vegetation Type Map (VTM) project of the 1930's has provided valuable historical vegetation data. Albert Wieslander led this effort to survey the forests of California in the 1930's. His crews surveyed over 150,000 km 2 , drawing detailed vegetation maps, taking 3000 photos and 17,000 vegetation plots. We developed a technique to digitize the Placerville 309 quadrangle VTM, rendering it to a Geographic Information System (GIS). The map covers 2408.8 km 2 of the west slope of the Sierra Nevada. In this area VTM crews identified 59 dominant plant species and eight genera or land cover classes and mapped their distribution into 3422 polygons. They identified recently disturbed areas that covered 13.5% of the landscape. We compared the digital VTM quad to CALVEG, a satellite-derived vegetation map from 1996. Land cover change for California Wildlife Habitat Relationship (WHR) vegetation types had occurred on 42.1% of the area. WHR types with the largest gains were: Montane Hardwood, Douglas-Fir, and Annual Grassland. Low elevation hardwoods, particularly Blue Oak Woodland (dominated by Quercus douglasii, Fagaceae), chaparrals and upper elevation conifers were the types that lost the most area. Differences in mapping techniques are unlikely to be the cause of this change because the analysis used controlled for map-based errors. Potential causes of the observed change at these physiognomic levels of classification include human perturbation, succession, and climate change.
Historical landscape ecology interprets previous landscape conditions, which can provide a reference for assessment of changes in dominant vegetation, which are of particular interest for evaluation of ecosystem condition. These studies tend to be unique, in that interpretations of change are dependent on the data available, and methods for interpreting a data source are usually developed for each study. Notwithstanding, a wide variety of data have been used for these types of studies, for example: soil types, agricultural census, and weather station data have been analyzed to identify causes of the Dust Bowl (Cunfer 2002); historical distributions of tree species have been determined from locations of witness trees used for demarcating early ownership parcels (Cogbill et al. 2002) ; tree ring patterns have been used to establish historical climate and fire histories (e.g., Graumlich 1993); vegetation plot revisits have shown shifts in proportional species abundance along elevational gradients (Beckage et al. 2008; Kelly and Goulden 2008) ; and re-photography of historical photographs has been used to determine ecological trends (Veblen and Lorenz 1991) .
Historical Overview
The Wieslander Vegetation Type Map (VTM) Project of California, USA was a United States Forest Service (USFS) effort to record the state's vegetation between 1928 and 1940 (Wieslander 1935a , 1935b , 1986 Griffin and Critchfield 1972) . Headed by Albert Wieslander, the group took over 3000 photographs of vegetation, surveyed over 17,000 vegetation plots, recorded field notes, and mapped vegetation across about 35% of the state (,155,000 km 2 ; Colwell 1977) . The study covered predominantly USFS lands, but three national parks (Lassen, Yosemite, and Sequoia/ Kings Canyon) were also surveyed using the same protocols (Griffin and Critchfield 1972; Wieslander 1986) . The project also collected 25,000 plant specimens, housed at the Jepson Herbarium, University of California, Berkeley. These data collections form an important California legacy, and work is underway to systematically process them for preservation and state-wide analyses (Ertter 2000; Kelly et al. 2005 ; Thorne et al. 2006) .
The VTM project produced vegetation maps for 215 quadrangles (55 7.5-minute, 88 15-minute and 72 30-minute), though portions of some quadrangles are missing or were not fully surveyed. Twenty three of the 30-minute maps were published by the University of California Press (Colwell 1977) . Most of the published maps were destroyed before sale, although 20 sets were saved by P. Zinke (Wieslander 1986) . These published maps have extensive margin notes but contain reduced floristic detail compared to the original survey maps.
The VTM project data is the source for much of the current knowledge of tree and shrub species distribution in California. Elevational transect maps of vegetation (Critchfield 1971) , and maps of the distribution of California trees (Griffin and Critchfield 1972) , and range brushlands and shrubs (Sampson and Jespersen 1963) are based heavily on VTM data. The vegetation plots have received the most research attention to date, having been used in dissertations and published studies relating to both community classification (Jensen 1947; Allen-Diaz and Holman 1991) , vegetation change (Bradbury 1974; Allen-Diaz and Holzman 1991; Holzman 1993; Minnich et al. 1995; Minnich and Dezzani 1998; Bouldin 1999; Taylor 2000; Franklin et al. 2004; Taylor 2004) , and a study of carbon sequestration in soils (Fellows and Goulden 2008) . The plots have been fully digitized and are available to the public online . The photos have been scanned by the University of California Bancroft Library and are available for viewing (Bancroft Library 2008) . They have been used in at least two studies: changes in San Diego County vegetation (Dodge 1975) and forest changes at Lassen National Park (Taylor 2000) .
At least three types of VTM maps were prepared: maps showing the locations of photographs, the locations of vegetation plots, and vegetation distribution. Ancillary information sometimes was recorded on an additional set of maps that shows stands of individual trees too small to map to polygons, routes taken, fire boundaries, and sawmill locations. Wieslander intended that plot data and vegetation maps to be used together, with the maps providing the extent and the plots providing composition and structure of the vegetation (Colwell 1977; Wieslander 1986) . A number of early works presented such analyses (Weeks et al. 1934 (Weeks et al. , 1943 Wieslander and Jensen 1946) .
The VTM vegetation maps were used for land management analysis by USFS personnel, who would determine vegetation type extent by making a grid of points and overlaying it on the original VTM vegetation maps. Among their findings was that the lower edge of the western Sierra Nevada pine belt had moved upslope by an average of 305 m, representing a 16 km horizontal eastward displacement of the forest's western edge, recorded along 54 km of forest edge in El Dorado County (Weeks et al. 1934; Wieslander 1935c) . This change, attributed to logging and which occurred between the 1894 gold rush and 1934, left a deforested area of 65,560 ha, much of which had been replaced by tree and shrub species associated with lower elevations.
Several studies used VTM vegetation maps as background information: Bradbury (1974) looked at changes in 134 vegetation plots and 25 landscape photos, with vegetation extents taken from the VTM vegetation maps for the Ramona Quadrangle in southern California; Freudenberger et al. (1987) examined changes in grasslands based on aerial photographs, with species identification based on VTM vegetation maps; and Davis et al. (1995; used scanned versions of the VTM maps to assist in attribution of satellite imagery-derived vegetations polygons for the Gap Analysis Program's (GAP) vegetation map of California. VTM species were used as GAP attributes if modern satellite image-derived shapes of vegetation polygons were similar to the original VTM polygon shapes.
Walker's (2000) dissertation assessed an early attempt to digitize VTM vegetation maps into a GIS. He used the VTM vegetation map from Yosemite National Park, which park scientist J. W. van Wagtendonk had digitized in the early 1980's. The digital version was produced on a digitizing table; the exact methods used are not known. Walker compiled the digitized line files he received from the park. He determined that the topographic map edition the VTM was drawn on (the base map), had non-systematic topographic mis-registration errors of up to 250 m when compared to a newer, digital version of the topography. He treated the problem by applying some 14,000 tie points to warp the historic maps (the park is spread over parts of four, 30-minute topographic quads) to the digital topography. Subsequently, species lists from modern surveyed vegetation plots were in good agreement with the vegetation of the VTM polygons they were located in.
This paper presents an analysis of change in vegetation from a 30-minute quadrangle in California's Sierra Nevada that was part of the Wieslander Vegetation Type Mapping (VTM) survey. We developed a technique for rendering the VTM vegetation maps to GIS, applied it to the quadrangle, and compared dominant vegetation type extents to a second vegetation map, mapped in 1996, comprising a time step of 62 yr.
METHODS
We selected the VTM map for the Placerville 30-minute quadrangle, located in the Sierra Nevada ( Fig. 1) and developed a method to digitize it, with the intent of examining changes in vegetation extent. The VTM map was originally surveyed according to a protocol which included: surveying from ridgelines; drawing vegetation polygons on the topographic base map; and recording the dominant plant species as codes in each polygon. Once species codes were recorded, field crews colored the polygons to match a habitat-level classification, drew cross-hatch lines to indicate burned or logged areas, and fixed the colors using a high quality benzene or gasoline (Wieslander et al. 1933) . The vegetation recorded on the Placerville VTM quadrangle was mapped between 1931 and 1934 (Weeks et al. 1943 . It was drawn directly on a 1931 edition of a United States Geological Survey (USGS) topographic quadrangle, which had been surveyed in 1887 and first published in 1893. Aerial photographs were not used. When finalized, the VTM map was cut into 16 sections (tiles) and glued to a canvas backing in blocks of four tiles, with spaces between the tiles where the map could be folded when taken in the field, which protected the maps from data loss along the creases.
Walker's dissertation (2000) indicated that bringing the VTM vegetation maps into alignment with modern topography would be timeintensive. Therefore, we used a different approach: to produce a VTM map to the level of spatial accuracy at which it was originally produced. Since the base topographic map upon which the VTM was drawn was surveyed at the turn of the century, we would reproduce the VTM map to those standards and not add the additional step of warping the image to get it to conform to later, improved, topographic accuracy. There were several reasons for selecting this approach. First, there was concern about introducing change to vegetation area estimates as the historic map would need to be warped to modern topography. Also, we were less concerned with identifying what change had happened on any 100 m 2 than in assessing change in dominant vegetation across the whole 2400 km 2 represented on the quadrangle. Future research can apply the additional processing required to replicate Walker's approach from our product, should that level of detail be needed, and funds are available.
Each of the 16 VTM tiles composing the original VTM map was scanned on a flatbed scanner at a 300 dots per inch (dpi) resolution. This produced 16 20-megabyte images. To assemble these tiles in a georeferenced manner, the first step was to register each vegetation tile onto a copy of the original topographic map. Thus, we obtained a scanned version of the 1931 USGS topographic quad (sheet scanned at the UC Santa Barbara, Alexandria Digital Library at 300 dpi), the same topographic quadrangle edition used by the VTM mapping crew.
Base Topographic Map Registration
The original projection of the USGS base topographic map is polyconic and uses Clarke's spheroid of 1866, map standards used by the USGS between 1886 and the late 1950's (U.S. Department of Commerce, Coast and Geodetic Survey 1917; Snyder 1982) . This projection, which runs a meridian through the center of a map, was used because of its high level of precision on any given quad, although the assembly of multiple quads leads to high levels 
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THORNE ET AL.: SIXTY YEARS SIERRA NEVADA LANDSCAPE CHANGEof distortion. USGS field survey crews were able to construct such polyconic maps in the field, on which they recorded the topographic features (Gannet 1904; Beaman 1928) . Using ERDAS IMAGINE (Leica Geosystem 2004) , the scan of the USGS topographic quadrangle was transformed into polyconic projection using 16 control points placed at the intersections of the quad's latitude and longitude reference lines.
VTM Tile Registration
We re-assembled the VTM map to a single image by using ERDAS IMAGINE to register each of the 16 digital VTM tile images to the scanned topographic base map, using nine control points per tile. These control points were selected from features common to both maps, such as text, road intersections, and contour lines.
Vectorization and Polygon Attribution
Once the digital topographic base map and VTM tiles were in their native projection, it was possible to trace vegetation polygon boundaries. Several semi-automated vectorization techniques were tested, but these were not efficient due to the large number of other line features, such as elevation contours, on the map. Supervised image classification techniques also proved unsuitable as the coloring on the VTM tiles was smeared or deteriorated. We therefore used heads-up digitizing, using a Wacom Cintiq 21UX digitizing tablet (Wacom 2004), a LCD flat screen that permits the use of a digital pen to draw lines. Used in streaming mode, the pen assigns multiple vertices as a line is drawn. Linework was traced from the digital images at a resolution of 1:7000 or finer, a scale at which the thickness of the line being produced was equal to the lines being traced. The line production required that every dot in the dotted lines demarking vegetation polygons be intersected by the hand-drawn line. Once a shapefile of the linework was completed, polygons were built, and attribute columns added (ESRI 2004) . Species codes written in each polygon were recorded in the order in which they appeared.
We used a species crosswalk (G. F. Hrusa, Senior Plant Taxonomist, CDFA, personal communication) to convert VTM-era species names to current scientific nomenclature (all authorities from Hickman 1993) for each species code on the map. Once the VTM species codes were entered, we used the ESRI ArcMap ''Join'' function to assign modern species names to the map codes. The resulting combinations of modern species names were then assigned to vegetation alliances, as documented in the Manual of California Vegetation (MCV) classification system (Sawyer and Keeler-Wolf 1995) , and thence to California Wildlife Habitat Relationships (WHR) types (California Department of Fish and Game 2004) . Spatial extents for each habitat type were then developed.
The VTM maps record dominant species as they occurred in each stand in order of percent cover, according to a standard set of cover thresholds specified in the VTM field methods manual (Wieslander et al. 1933 ). This recording of dominant species in whatever combinations they occurred provides data that can be translated into multiple classification systems. VTM polygons labeled with a single dominant species contain a minimum cover of 80% for that species. A polygon attributed with multiple species specifies each co-dominant cover at least 20% of the polygon. Species in VTM polygons can be grouped in one of four recognized growth form strata: trees, shrubs, herbs and grasses. Species from these classes can co-occur or be separated when classification to vegetation type is assigned.
One or two vegetation types occur in VTM polygons. Polygons with two types (mosaic polygons) contain contrasting growth forms, whose component sub-stands were either smaller than the minimum mapping unit, or in such a complex spatial pattern as to be impractical to map individually. In the case of a mosaic polygon, a species was listed if it covered a minimum of 20% of the mosaic sub-component, rather than 20% of the entire polygon. Mosaic polygons were labeled with species codes in a mix of horizontal and vertical orientations, so that the component vegetation types could be identified in a mosaic type. Unfortunately, the relative cover of each component type was not indicated in the attribute label. Consequently, we assigned the area of vegetation in mosaic polygons, with primary types receiving 2/3 and secondary types 1/3 of a polygon's area.
The VTM vegetation maps contain a large number of unique species combinations. To crosswalk these combinations to MCV alliances, we used the dominant species and disturbance information listed in each VTM map polygon, together with the MCV type descriptions and our knowledge of California vegetation patterns. We developed a set of rules to determine whether a polygon's vegetation was a mosaic or a single unit:
1)
Grass was included in woodland types, but excluded from chaparral, forming a mosaic vegetation component when found with chaparral types.
2)
In most cases, if conifers were present with oaks, oaks were assumed to be subdominants.
3)
Riparian species were always considered a secondary type with other dominants when co-occurring.
4)
Shrubs were assigned to (or excluded from) dominant conifer classes depending on disturbance, the species of shrub, and known general canopy density of the dominant trees. Generally, upper elevation conifer types include shrubs as sub-component (e.g., Arctostaphylos patula, Ericaceae), while the lower elevation pine types (all Pinus sabiniana, Pinaceae) exclude shrubs.
5)
Species in the genus Quercus found in recently disturbed, chaparral shrub-dominated polygons were included as chaparral. If no disturbance was indicated, then chaparral and oak tree species were broken into mosaic types.
The MCV vegetation types were then crosswalked to WHR types, using a defined crosswalk from California Department of Fish and Game (2004) . The WHR classification is based on physiognomic characteristics associated with a named dominant plant species, creating a habitat type often used to model vertebrate distributions in California.
Registration and Map Accuracy Assessment
Root mean square (RMS) error in meters was calculated for the process of registering VTM tiles to the topographic base map. Line vectorization RMS error was assessed by comparing the drawn lines to the registered VTM tiles. An estimate of RMS error to modern topography was calculated by registering 73 road locations to a modern digital coverage of roads (U.S. Department of Commerce 2001).
Comparison to Modern Maps
Two modern digital vegetation maps were available for comparison: the California Gap Analysis vegetation map (Davis et al. 1998) , and the 1996 CALVEG land cover map (Schwind and Gordon 2001). We did not use the Gap Analysis vegetation map since many of its polygon attributes were derived from VTM maps. The CALVEG vegetation map source is independent, as its attributes were derived directly from 30 m resolution satellite imagery. CALVEG land cover classes are delineated through an automated process that is regionally calibrated and which produces 1 ha minimum size polygons labeled with WHR class land cover attributes.
Both VTM and CALVEG maps were reprojected to Albers Equal-Area projection, and the CALVEG map was clipped to the extent of the Placerville quadrangle. The vegetation type extent on each quad was summed by WHR type. Prior to comparison with the VTM map, the high polygon density in the CALVEG map was reduced by dissolving the borders between adjacent polygons that had the same WHR attributes.
Tabular summaries of WHR extents on each quad were compared in a non-spatial context to determine the major trends of land cover change. A graphic illustration of that change was produced by intersecting the maps, but the area extent reported represents independent measures of each map. We analyzed land cover change at the scale of the entire quad, developing a table showing the historic and current extent of each WHR type.
RESULTS

VTM Map Processing
The VTM map covers 2408.8 km 2 and ranges from 200 m elevation in the southwest corner, on the Cosumnes River, to 1627 m in the northeast corner near Devil Peak and the Rubicon River. The registration of the topographic base map yielded a 7.4 m root mean square (RMS) error for control point error. The registration of the VTM tiles onto the base topographic map yielded a RMS error of 2.0 m. Therefore, geographic registration of the VTM map to the historic topographic map was completed with a RMS error ,10 m. Comparison of the base topographic map to the modern digital roads map (U.S. Department of Commerce 2001), generated a RMS error of 263 m, indicating that by comparison to modern topography, any given point on the base map could be off by that amount.
VTM Map Content
The VTM mappers recorded 3422 polygons covering the 30-minute Placerville quad. The mean polygon size was 70.4 ha, with a standard deviation of 268.5 ha, minimum size of 5.8 ha and maximum size of 10,850 ha (Table 1) . VTM mappers identified 59 species, one genus, two habitat types (Grass and Wet Meadow), and five non-vegetated or human-altered land cover classes (Table 2) . One species code, thought to be a grass based on the colors in the legend, was not identified. It occupied 5.8 ha.
The VTM map contained 484 unique combinations of species that formed 45 MCV types. Those combinations were reduced to spatial extents for 25 WHR types (including ''Unknown,'' which consisted of unreadable or untranslatable codes from the original maps; Table 3 and Fig. 2 ). WHR type Ponderosa Pine (dominant species, Pinus ponderosa) was the most broadly distributed WHR type (and species) on the map, occupying 36.9% of the landscape as the primary dominant tree, and occurring in several other WHR types as a secondary species. It also occupied the most polygons, occurring in 20.8% of all map units.
Quercus douglasii and P. sabiniana, species that occupy lower elevation foothills, occupied 13.4% of the landscape, appearing in three WHR types, Blue Oak Woodland, Blue Oak-Foothill Pine, and Foothill Pine (this last is a WHR class we created). Chaparral types occupied 13.2% of the landscape (including WHR type Closed-Cone Pine-Cypress); conifer types 52.3% (including the species P. ponderosa), and upper elevation hardwoods 9.4% (WHR types Montane Hardwood and Montane Hardwood-Conifer). The WHR type Annual Grassland occupied 8.1% of the landscape, and 2.5% was either urban or agriculture (WHR types Urban or Cropland; Table 3 ).
Of 3422 VTM polygons, 218 had a secondary vegetation type. Secondary types were predominantly chaparral types when conifers or hardwoods were the dominant type, or grasslands, when chaparral was the dominant type. The extents assigned to secondary types were one third of the area of the polygon they occurred in. Those spatial extents (Tables 3 and 4) were incorporated into the overall extents by WHR type, and occupy a total of 78.5 km 2 . A total of 14.1% of the map's vegetation had recently been logged or burned (Table 3) , with early seral Mixed Chaparral the most heavily represented WHR type.
VTM-CALVEG Differences in Mapped Vegetation
The CALVEG map identified 21 WHR types on the Placerville quad. It contained 44,630 polygons, which we reduced to 13,812 by dissolving borders between polygons with the same WHR class. The modified CALVEG coverage had an average polygon size of 17.4 ha with and a standard deviation of 262.9 ha ( Table 1) .
The difference between the VTM and CAL-VEG WHR extents totals 1049.7 km 2 , or 42.1%, of the dominant land cover ( There are two elevational patterns to the change, which generally conform to major elevation bands of vegetation found along the western flank of the Sierra Nevada. At lower elevations, below 700 m, Annual Grassland expanded, and low elevation hardwoods and conifers, particularly Blue Oak Woodland and Blue Oak-Foothill Pine, contracted (Figs. 3a, b) . Above 700 m, Ponderosa Pine contracted while Montane Hardwood, Montane Hardwood-conifer and Douglas-Fir expanded (Figs. 3c, d ).
Six condensed WHR types (Table 4, Six WHR classes mapped by the VTM survey were not present in the CALVEG map, and three WHR classes mapped by CALVEG, were not in the VTM (Table 4) .
DISCUSSION
The two possible over-arching reasons for the observed change are 1) map-based errors, in This discussion reviews the possible sources of error first, followed by consideration of the measured vegetation change.
Potential Map-Based Errors
There has been much discussion of the accuracy of the VTM survey (Keeley 2004; Kelly et al. 2005; , and a legitimate question is to what degree can we rely on these maps to portray historical conditions? Two possible sources of error in the maps are registration error, due to inaccuracies in the topographic base map on which the VTM maps were drawn; and classification error, in which species combinations from the VTM maps are not correctly interpreted, or are not comparable to the CALVEG use of the WHR classification. The largest source of spatial error we could detect in the VTM vegetation maps comes from the underlying topographic maps, rather than from the vegetation mapping itself. We avoided georegistration issues that would be introduced by intersecting the maps from the two time periods, through tabular compilation of the vegetation type extents from each time period and comparison of the resulting tables. This did not permit us to follow the progression of change at any given location, but the overall extents of each vegetation type within the study area were comparable.
However, we present map overlays to help visualization of where the change for some habitat types occurred, and to illustrate the ''… the reliability of all future assumptions and conclusions to which any analysis of the VTM data may lead is dependent directly upon the character and quality of the field work. Therefore it is of utmost importance that this phase of the job be done strictly according to the rules set up and with consistency in their application. '' (Wieslander 1933) . Accordingly, the species recorded are likely correct. Error would more likely be introduced in the classification of species to MCV and WHR types. However, the VTM species lists and color codes on the VTM map allowed for rule-based crosswalking of the component VTM species into modern, pre-defined, classifications.
Classification error may also enter where the cover thresholds used to define CALVEG types differed from those used to define species in the VTM maps. CALVEG assigns transitions from grass to shrub, shrub to hardwood, and hardwood to conifer if .10% of the polygon contains the taller type, as opposed to .20% of a polygon being occupied by any co-dominant for a species to be listed in the VTM system. This generally means that a loss by a taller type to a shorter type is a conservative measure, whereas a gain in a taller type at the expense of a shorter type is less certain. For example, some of the measured loss of chaparral between time periods may be due to CALVEG classification of VTM Chaparral areas as hardwood. However, oaks commonly establish in chaparral, and so this potential error cannot be definitively identified because succession may actually be causing oak types to overtop chaparral on parts of the landscape. The large amount of the WHR type Montane Hardwood on the landscape is potentially partially due the CAL-VEG classification, which would favor this type, if only 10% of a brush field was in oaks that were discernable.
The indicated loss of conifers is particularly important to consider from the classification perspective. The loss appears real because the CALVEG map assigns conifer classes to less dense conifer stands than the VTM map. Therefore, the contemporary map is biased to producing more area in conifer than the VTM map, meaning a change showing reduction in conifers is more likely to be real. Since this is the biggest change on the landscape, we are confident it is real, where the shifts indicated in chaparral types are more problematic.
Land Cover Change
Loss of Q. douglasii extent (WHR types Blue Oak Woodland, Blue Oak-Foothill Pine, and Foothill Pine) and increase of grasslands (WHR type Annual Grassland) were the dominant trends at low elevation. The loss of Q. douglasii is also a transition from larger to shorter vegetation, making the estimate of change a conservative one. Potential explanations for these land cover changes include grazing, which impacts Q. douglasii recruitment (Hall et al. 1992 ) and which, in combination with pressure from wood cutting, contributes to Q. douglasii conversion to grassland. El Dorado County, which occupies most of the Placerville quad, has also experienced rapid population growth (10.6% between 2000 and 2004), with consequent development of low density rural residential areas (United States Census Bureau 2006) that could affect lower elevation vegetation. Chaparral types associated with lower elevations showed a reduction in extent, which have potentially transitioned to Montane Hardwood or Montane Hardwood Conifer.
The second major pattern of land cover change was at upper elevations, where the extent of P. ponderosa-dominated areas (WHR type Ponderosa Pine) was reduced by 64%, a loss of 570 km 2 (23.7% of the whole map). Pinus ponderosa areas were replaced by WHR type Montane Hardwood, whose dominant species is defined as Quercus kelloggii, Fagaceae, by WHR type Montane Hardwood-Conifer, where Q. kelloggii mingles with emerging conifers, and by WHR type Douglas-Fir (Fig. 3c for Montane Hardwood-Conifer, 3d for Montane Hardwood).
There are several possible explanations for the changes in the upper elevations. First, since Q. kelloggii is a subdominant tree under conifers, particularly P. ponderosa, the measured increase in hardwoods could be due to the loss of the conifer overstory canopy, where the understory remained in place. Second, all the oak tree species at this elevation stump sprout, and are often found co-mingled with chaparral shrubs. Hence, FIG. 3 . The major changes in the WHR extents on the Placerville quadrangle between 1934 and 1996. Changes in WHR habitat types fall into distinct elevation zones. At lower elevations, Blue Oak Woodland and Blue OakFoothill Pine (3a) were greatly reduced, while Annual Grassland and Cropland increased (3b). At mid elevations, Ponderosa Pine, the lowest growing of the Montane WHR conifer-dominated types, showed the greatest reduction (3c; red indicates Ponderosa Pine WHR type lost over time, blue indicates historic extent remaining and green the some expansion in hardwoods could be the result of succession, where oaks in brush fields following fire or clear cutting of conifers overtop the shrubs they are growing with. The numbers suggest some of this is occurring due to decreasing chaparral extents. This pattern of lower P. ponderosa replaced by oaks was also observed in 1934, when (Weeks et al. 1934) estimated that the coniferous belt had previously (in 1850) extended as low as 305 m, but had retreated greatly uphill by the time of his survey. While P. ponderosa has been replaced by hardwoods at lower elevations, it has been replaced by Pseudotsuga menziesii var. menziesii, which has grown into it at higher elevations, changing the WHR type (Fig. 3c) .
Two overlapping processes may be driving pattern on this landscape: disturbance, which removes structure and vegetation types; and subsequent succession with potentially altered pathways reflecting new climatic and disturbance regimes, where a distinct change in potential vegetation is manifested as a different vegetation type in the current map, from what was present in the 1930's. Succession may not ultimately result in the re-establishment to the vegetation mapped in the 1930's, or it may take longer to return to the historic type due to climatic shifts. Temperature measurements from nearby Placerville indicate that minimum monthly temperatures there have been warming at the rate of 0.089u Cyr 21 (R 2 5 0.71, P , 0.001) between 1960 and 2000 (data from National Climate Data Center 2005). Such a shift could potentially contribute to vegetation change by making re-establishment conditions post-disturbance less suitable for prior vegetation, or make the time required for successional regeneration longer, which in turn increase the probability of another disturbance before the historic type is reached.
CONCLUSION
This study demonstrates the utility and importance of historical vegetation maps. While their development is technically challenging, the potential insights that can be derived are of lasting import. The Placerville VTM quadrangle contains information of about 59 species, which is better taxonomic resolution than any comparable modern vegetation map. While there are legitimate concerns over the use of VTM vegetation maps to detect change, at least at the landscape scale, they provide information available from no other source. It is hoped that this presentation of the map development methods and their application will lead to interest in developing this data for the remaining regions available in California.
